Two reaction sequences have been described for the aerobic catabolism of 4-hydroxyphenylacetic acid (4-HPA) by bacteria. In some species, degradation of 4-HPA is initiated by hydroxylating the benzene nucleus at Cl, the side chain being displaced simultaneously, so that homogentisic acid (2,5-HPA) is formed (9) . Acetoacetic and fumaric acids are subsequent catabolites (3) . In other bacteria, 4-HPA is hydroxylated at C3, giving homoprotocatechuic acid (3,4-HPA), and after ring fission, degradation proceeds via pyruvic and succinic acids (14) . These systems illustrate the general rule that the benzene nucleus must carry two hydroxyl groups, placed either ortho orpara to each other, before an aromatic compound can serve as substrate for a bacterial ring fission dioxygenase (6, 7) . When two hydroxyl groups do not suffice, as is the case for orcinol (4) or resorcinol (5), this is probably due to the fact that their orientation (meta) is unsuitable, so that a third hydroxyl must be introduced. By contrast, the yeast-like eucaryote Trichosporon cutaneum when grown with phenol contains an enzyme that hydroxylates catechol (1,2-dihydroxybenzene) and certain other phenolic compounds (12) , despite the fact that these cells are able to cleave the nucleus of catechol without prior hydroxylation. As Neujahr and Varga (13) have suggested, it is probable that the introduction of a third hydroxyl group has some physiological significance, but in the case of catechol this is not evident.
The present work, using a different strain of T. cutaneum, has enabled us to assign an essential function to another hydroxylase which acts upon a substituted catechol, 3,4-HPA (Fig. 1, 11 ). Cell extracts of this organism, unlike those from bacteria (1, 14) , failed to cleave the nucleus of 3,4-HPA until a third hydroxyl group was introduced. T. cutaneum was grown with aeration at 300C in 0.05 M K+-Na+ phosphate buffer (pH 6.0) containing 4-HPA (0.05%), NH4Cl (0.25%), MgSO4 (0.01%), Casamino Acids (0.005%), and yeast extract (0.005%). Washed cells were broken in a Hughes bacterial press, and cell extracts (15 mg of protein per ml) were then prepared in 0.1 M Na+-K+ phosphate buffer (pH 7.0) (8, 14) . These extracts contained a powerful malate dehydrogenase, so that malate rather than oxaloacetate accumulated from reactions to which reduced nicotinamide adenine dinucleotide (NADH) had been added in order to serve the coenzyme requirements of the hydroxylase for II (Fig. 1 ). Fonnation of malate was shown by observing the reduction of nicotinamide adenine dinucleotide phosphate (NADP) at 340 nm that followed addition of "malic" enzyme (EC 1.1.1.40; Sigma Chemical Co., St. Louis, Mo.), and the resulting pyruvate was also shown spectroscopically by following oxidation of reduced nicotinamide adenine dinucleotide (NADH) upon adding lactate dehydrogenase (14) .
Rates of oxidation of I and II were measured with an oxygen electrode as previously described (15) . For a reaction mixture containing 20 ,umol of 4-HPA (I), 0.1 mg of NADPH, and 0.5 mg of cell extract protein, the specific activity was 0.177 pmol of 02 per min per mg of protein.
There was no activity in the absence of NADPH or when NADH was used instead; however, these coenzymes were about equally effective for the hydroxylation of 3,4-HPA (II). Amounts (14) , and the latter by observing the fluorescent material obtained in the reaction between malic acid and 2-naphthol (11). For these experiments, amounts of reactants were increased; thus, when 2,4-dinitrophenylhydrazones were examined, reaction mixtures contained, in 1 (14) . The spots observed were those of the derivatives of acetoacetic acid and its decarboxylation product, acetone. When malic acid was isolated for chemical identification, the amounts of materials used in the enzymatic reaction were 10-fold greater than those for acetoacetate. This was necessary since the procedure entailed the removal of protein by acidification, concentration of the aqueous solution by rotatory evaporation, and extraction of the malic acid with ether.
T. cutaneum did not oxidize 4-HPA after growth with glucose, but adaptation to utilize 4-HPA also conferred ability to oxidize readily both 2,5-HPA and 3,4-HPA. Accordingly, although the evidence we have presented shows that 3,4-HPA is metabolized as shown in Fig. 1 , it might still be suggested, as an alternative, that 4-HPA is initially hydroxylated to 2,5-HPA, as in certain bacterial species (9) , and is then degraded by the reactions of the homogentisate pathway. The following observations argue against this alternative and support the sequence of Fig. 1 . Extracts of 4-HPA-grown cells cleaved the benzene nucleus of 2,5-HPA without prior hydroxylation: NADH was not oxidized unless p-hydroxybutyrate dehydrogenase was also added; then, ca. 1 mol of NADH was used per mol of 2,5-HPA. By contrast, evidence for two successive hydroxylations of 4-HPA, giving 2,4,5-HPA (i), was obtained by isolating a compound responsible for a pink color that appeared during the exponential phase of growth with 4-HPA and disappeared when growth ceased. Cells were removed from a culture by membrane (Millipore Corp., Bedford, Mass.) filtration when the color was most intense, the compound was extracted with ethyl acetate, and the solvent was removed by evaporation. Aqueous solutions of the product possessed the spectral properties described by Wada and Fellman (16) (16) and is therefore difficult to use in the oxygen electrode; however, a sample of III was prepared from 2,4,5-tribenzyloxyphenylacetic acid by reductive debenzylation with H2/Pd on carbon (16) and was shown to stimulate 02 uptake by a cell extract without addition of NADH or NADPH. Observations similar to these were made for Pseudomonas putida utilizing thymol: the ring fission substrate was shown to be a substituted trihydroxybenzene, and its quinone imparted a transient color to culturs during exponential growth (2) .
In a second experiment, indicating that II is formed from I by hydroxylation as shown in Fig.  1 , an affinity gel of Sepharose linked to 4-HPA was used. In an earlier investigation (9), this same preparation served to remove a 1-hydroxylase for 4-HPA from extracts of a Pseudomonas. However, when 10 ml of the gel was stirred with 20 ml of cell extract from 4-HPA-grown T. cutaneum, a 3-hydroxylase for 4-HPA was taken up. Thus, the supernatant solution, obtained by centrifuging the suspension, was devoid of hydroxylating activity toward 4-HPA, but the enzyme was released when the gel was removed and then resuspended in 15 of eluted hydroxylase-4-HPA complex to 0.1 mg of NADPH in 1.6 ml of phosphate buffer in the oxygen electrode vessel. The reaction product was allowed to accumulate, with stirring, for 8 min and was then examined by addition of 1.0 1d of purified 3,4-HPA 2,3-dioxygenase (10) . There was an immediate uptake of 02 and production of a yellow compound shiowing the spectroscopic characteristics of the ring fission product of 3,4-HPA (1, 14) . However, no reaction occurred on addition of an active preparation of 2,5-HPA dioxygenase. It may be concluded, therefore, that T. cutaneum degrades 4-HPA as shown in Fig. 1, and 
